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SH2VFED HYDHOQEKATION CATALYST KSD 
PROCESSES FOR. THEIR PREPARAnOET AND 13SE 

5 Background o£ the Iznrentlon, 

gield ef the Iinrantion 

* 

This invention relates to catalysts which are useftil 
as hydrogenaticn catalysts and particxxlarly for the 
catalytic faydrogexiation of aldehydes, ketones, carboxylic 
10 acids, carboxylic acid esters and nitxroaromatic coinpaunds. 
This invention also relates to processes for prepaxing said 
catalysts and to hydrogeziation processes using said 
catalysts • 

DQflcription of Related Aart 

15 Hydrogenaticn reactions and catalysts useful in such 

reactions are well known; For exainple, U.S. Patent 
4,666,879 descaribes an extruded copper cfhromite-alumina 
catalyst prepared by blending together fxam 40-82% by 
weight of copper chromite and 18*-60% of an extrudable 

20 alumina, typically having a pseudoboahmite or a hydroxy 

boehmite structure. The extruded catalyst after calcining 
is useful for the liquid and vapor phase hydrogenaticn and 
hydrogenolysis of various carbonyl coiq>ounds and the 
functional side groups of dramatic compounds. The extruded 

25 catalyst is characterized as having a surface area of 
between 20 and 225 square meters per gram and a packed 
apparent bulk density of between about 0.70 and about 1.20 
g/cc. 

U.S. Patent 4,762,817 describes an aldehyde 
30 hydrogenaticn catalyst consisting essentially of a mixture 
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of copp&r and zinc oxide ltoi>regnated with a minor 
selectivity improving-amoiant of a selectivity enhancer 
coorprising the combination of an alkali metal selectivity 
enhancer selected from the group TOnsistizig of sodiim, 
5 potassium, lithium, cesium, and mixtures thereof and^a 
transition metal selectivity enhancer selected from the 
group consisting of nickel, cobalt, and mixtures thereof* 

U.S. Patent 4,929,771 describes catalyst compositions 
conprised of chemically*-mixed, copper-titanium oxides and 

10 the tise of such catalyst cosqpositions in the hydrogenatlon 
of certain esters to obtain the alcohol corresponding to 
the acid residue of the ester. 

U.S. Patent 5,008,235 describes a process for 
hydrogenating feeds into their corresponding alcohols by 

15 contact with a coprecipitated catalyst comprising copper, 
aluminum, and a metal {X) selected from the group 
consisting of magnesium, zinc, titanium, zirconium, tin, 
nickel, cobalt and mixtures thereof; that has been reduced 
with an increasing temperature daring the reduction. 

20 U.S. Patent 5,043,509 describes catalyst particles 

employed in areactions involving the conversion of organic 
cotc^unds that should possess a desired configuration in 
order to maintain a desired yoidage which will permit 
passage of the feedstock through the catalyst bed during 

25 the conversion reaction. Solid phosphoric acid catalysts 
which conq^rise an admixture of an acid 
of phosphorus and a solid bijader such as a siliceous 
material may be formed into polylobular, txsbular, ridged, 
fluted, or channeled cylindrical particles which will 

30 permit a sufficient amount of voidage in the catalyst bed 
to be maintained even though the catalyst particles will 
swell during the reaction due to the formation of coke on 
the sxirface thereof. 

U.S. Patent 5,093,534 describes a process for the 

35 preparation of saturated alcohols from aldehydes. The 
hydrogenation of saturated and unsaturated aldehydes to 
alcohols can be carried out over catalysts containing 
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cppper and nickel. In this process, the selectivity of the 
alcohol preparation is further improved by a combination of 
an alkaline copper catalyst and a nickel-containing 
catalyst whose carrier material has acidic centers of a 
certain acid strength Ho* 

n«S. Patent 5,124,295 describes to a f canoed copper 
chromite catalyst prepared from a blend comprising from 
about 20 to about 80% by weight of copper chromite and from 
about 20 to about 80% by weight of at least one eactrudable 
inorganic binder material wherein the catGJ.yst has a 
surface area of from about 20 to about 225 rt?/g, and the 
total pore volume of the pores in said catalyst having a 
diameter, of up to about 95,000 k is between about 0.35 to 
about 1 cc/g. In another embodiment, the patent describes 
a process for pr^aring this formed copper chromite 
catalyst and the process comprises: 

(A) preparing a blend comprising from about 20 to 
about 80% by weight of copper chromite, from about 20 
to about 80% by weight of at least one extrudable 
inorganic binder material, from about 1 to about 10% 
by weight, based on the weight of the binder, of a 
peptissing agent, and stiff icient water to form an 
extrudable blend; 

(B) extruding the blend to farm an extrudate; and 

(C) calcining the extrudate- This patent also 
describes a process for hydrogenating aldehydes, 
ketones, carboxylic acids and caurbcxylic acid esters 
with catalysts of the type described* 

U.S. Patent 5,134,108 describes a hydrogenation 
catalyst comprising a major amount of the oxides of a first 
metal selected from cqpper or zinc, a second metal selected 
from, chromium, molybdenum, tungsten and vanadium, and 
optionally, a minor amount of the c»cide of a promoter metal 
selected from the group consisting of manganese, barium, 
zinc, nickel, cobalt, cadmium, iron and any combination 
thereof provided that the promoter metal is not zinc if the 
first metal is zinc. The average particle diameter of the 
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powder is from about 6 to about 20 microns; and the 
particle surface area^^s from about 20 to about 70 txi^/g. 
The process for preparing this catalyst is described as 
comprising the steps of 

(A) simultaneously and separately adding to a 
first vessel # (1) a first acpieous soluticm 
comprising a copper zdLnc salt; (2) a secc»d 
aqueous solution .conqprising a soluble base, 
p3X3vid0d that either the cqpper solution or the 
soluble base solution also ccmtains a soluble 
salt of at least one second metal; or (3) a third 
aqueous solution coo^rising a soluble salt of at 
least one second metal is added simultaneously to 
the first vessel wherel:^ an aqueous slurry of 
insoluble solid is formed in the first vessel, 
provided further that the second metal is 
chromium, molybdenvmi, tungsten, or vanadium; 

(B) advancing at least a portion of the aqueoazs 
slurry from the first vessel to a second vessel; 

(C) recovearing the solids from the aqueous slurry 
in the second vessel; and 

(D) calcining the recovered solids, 

U.S. Patent 5,155,086 describes a catalyst in powdered 
form comprising the oxides of copper, iron, alxuninum and 
manganese whex^in the atomic ratio of copper to Ircm is at 
least 1:1 and a process for pr^aring such faydrogenation 
catalysts which comprises the steps of 

(A) preparing a first aqueous solution containing at 
least one water-soluble coppex salt, at least one 
water*- soltible iron salt, and at least one water- 
soluble manganese salt; 

(B) preparing a second solution containing at least 
one water-soltible basic aluminum salt and at least one 
alkaline precipitating agent; 

(C) mixing the first and second solutions wherein an 
insoliible solid is formed; 

(D) recovering the soliible solid; and 
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(E) calcining the recovered solid to form the desired 
catalyst. Also descrlbeid Is a process for 
hydrogenating aldehydes/ ketones, carboaylic acids azid 
carboxyllc acid esters. 

U.S. Patent 5/345,005 describes a catalyst in powdered 
from which comprises a major amount of the oxides of copper 
and zinC/ and a minor amount of aluminum oxide wherein the 
pore volume of pores of said catalysts having a diameter 
between about 120 a3id about 1000 A is at least about 40% of 
the total poare volume and a process for preparing 
hydrogenation catalysts comprising the oxides of copper, 
zinc axid aluminum which ccnnprlses the steps of 

(A) preparing' a first agueons solution containing at 
least one water-soluble cqpper salt and at least one 
water T soluble zinc salt; 

(B) preparing a second solution containing at least 
one water-soluble basic aluminum salt and at least one 
alkaline precipitating agent; 

(C> mlying the first and second soluticms whereby an 
insoluble solid is formed; 

(D) recovering the insoluble solid. Also described is 
a process for hydrog^mting aldehydes, ketoaes, 
carboxyllc acids and carboxyllc acid esters with 
catalysts of the type described. 

There is still a need, however, for shaped chromium- 
free hydrogenation catalysts that have high catalytic 
activity which are strong and add resistant. 

In one embodiment/ this invention relates to shaped 
catalyst cosopositions cosnprising (1) at least cme metal 
selected from the group consisting of copper/ manganese, 
zinc, nickel, cobalt and iron; (11) calcium silicate and 
(ill) at least one clay material. 

In another embodiment, the invention relates to a 
process for preparing a shaped catalyst which comprises: 
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(A) pxepaxlxig a paste con^rlsing 1) at least one metal 
adLde y^beaeia said netal Is selected from the 
conslsttiaig of copper, loanganese, zinc, niclcel, cobalt and 
Iron; (11) at leaist one solvent; (ill) calcium silicate; 

S and (Iv) at least one clay material; 

(B) forming a shaped particle from said jiaste; and 

(C) drying and calcining said shaped particle. 

In still another embodiment, this invention relates to 
a process for hydrogenatlng aldehydes, ketones, carboxylic 
10 acids, carboxylic acid estez^ and nltroaromatic compoimds 
which cooprises contacting said materials with the above- 
described catalysts under catalytic hydrogenation 
cbnditloQS . 

DeaQrlotion of PrefeTTftd Kmbodiments 

15 As previously stated, this Invention provides shaped 

catalyst compositions suitable for use in hydrogenation 
reactions. I3aese compositions contain (1) at least one 
metal selected from the group consisting of copper, nickel, 
mangaziese, zinc, cobalt and iron. 

20 ^The metal present in the conposltions of the invention 

may be pzreeent as the reduced metal or oxide forms or as 
precursors to the reduced metal or oxide forms such as 
carbonates or nitrates which can be readily converted to 
the reduced metal or oxide forms or mixtures of two or more 

25 of any of these « The metals useful for the ptirposes of 
this Invention may be present in one or more oxidation 
states. This Invention also contemplates mixtures of two 
or more of said metals. Typically, the metal will be 
copper . 

30 Usually the composition of this Invention has a total 

metal content of copper, manganese, zinc, nickel, cobalt 
and iron of at least about 30%; typically from about 30% up 
to 75% by weight; preferably from about 35 vp to 65% hy 
weight . 
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The catapoBitiaa of this.lznrentlon may also contain 
minor amounts of one^^r more promoter metals such as alkali 
or alkaline earth metals. If present, promoter metals are 
t3^1cally present In amotmts from about 1% by weight up to 
about 10% by weight of said composition; preferably 0.5% by 
weight up to about 5% by weight. Tbeae metals may be 
present in the reduced metal or oxide forms or as 
precursors to such forms azid in one or more oxidation 
states as discussed above. 

The compositicms of this invention are usually f xree of 
chromium and barium. The compositions are also preferably 
free of added alumina^ i.e., alixmina other than that 
contributed by the clay Incorporated in the coit^sltlon as 
conteti5>lated by the invention. As used herein the 
compositions are free of such materials if their presence 
Is in an amount that does not materially affect the 
physical, chemical and catalytic characteristics of the 
compositions of this invention when compared to those \diich 
are completely free of such materials. Preferably, if 
present, such materials will be psresent in trace amounts, 
but in amounts not gsreater than about 0.5% by weight, more 
preferably not greater than 0.1% weight. 

The calcium silicate cooponent of the compositions of 
this invention can be frx>m natural or synthetic soxirces, or 
preferably, is formed in situ (hereinafter «ln situ") 
during the prepeoratlon of the shaped catalyst conqoosltion. 
Typically, the catalyst coti5)Osltlon of this invention 
contains up to about 50% cfiuLdum silicate; usually, from 
about 10% up to about 40%; and preferably, from about 20% 
up to about 35% by weight. It is desirable that the 
compositions of the Inventicm contain up to about 20% by 
weight calcium; typically, from about 1 up to about 18% by 
weight; preferably from about 2.5 up to about liB% by 
weight. The silicon content of said con^KJsition is 
typically wp to about 30% by weight; typically, from about 
5 up to about 30% by weight; preferably, from about 10 up 
to about 20% by weight. 
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The conpositlozLS of this, izxv^ention also csontain one or 
more clay materials. 

The clays suitable for use in this invention incltide 
alumino- silicate clays such as attapulgites, sepiolites, i 
5 serpentines, kaolinites, calcium montmorillonites and 
mixtures thereof. 

Clays useful in making coas>ositions of the instant 
invention include those obtained from the Meigs - 
Attapulgus - Quincy fullers earth districts, located in 

10 southwest Georgia and northern Florida. 

For puxposes herein, the term ^attapulgite" is used to 
mean chain lattice type clay minerals, encompassdLng 
minerals and mineral groups variously referred to in the 
literature as "attapulgite, « "pal^orskite, « "sepiolite," 

15 and "hormite." Typically, the clays suitable for use in 
the instant invention contain a major amount of 
attapulgite. As used herein, ^major amount « shall mean and 
refer to a conponent which is present in the largest amount 
of any of the components paresent* 

20 OAtose skilled in the art will be familiar with methods 

to determine the relative amounts of various mineral phases 
present in such clays. 

The clays suitable for use in the practice of this 
invention may be undrifed, dried or calcined. 

25 The free moisture content of the clays suitable for 

use in this invention is preferably from about 3 up to 
about 8 weight percent. As used herein, the "free-moisture 
content" is the amount of water removed from the clay by 
heating to constant weight at 220 «F« Typically, the clay 

30 material as mined contaixis up to about 45% by weight free 
moisture content. 

The clay material for use in this invention is 
preferably powdered and typically has particles having mesh 
sizes of less than about 200 mesh (U.S. Standard), 

35 preferably less than about 325. The composition of this 

invention may contain up to about 30% i>y weight of at least 
one clay material; typically from about 1% up to about 30% 
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by weight; preferably from about 3 up to about 3,5% by 
%»ight. 

Preferably the compositions of this Invention are 
free of added alumina other than that which may be present 
5 resulting from the clays Incorporated in said compositions. 

Shaped catalysts compositions of this Invention can be 
prepared by a process which caaxpriBBBt 

(A) preparing a paste of (1) at least me metal oxide 
wherein said metal is selected from the group consisting of 

10 cqpper, manganese, zinc, nickel, cobalt and iron; (11) at 
least one solvent; (ill) calcium silicate, (iv) at least 
one clay material and (v) such other optional cos^onents 
discussed therein « 

(B) forming a shaped particle from said paste; and 
15 (C) drying and calcining said shaped particle. 

IfhB metal oxides suitable for use in preparing the 
conpositions of this invention are the oxides of copper, 
manganese, zlncr nickel, cobalt and iron* As used herein 
"metal oxides" Izicludes the precursors of such oxides such 

20 as carbonates and nitrates. 

The metal oxides used in the process of the Instant 
invention are typically in a physical form suitable for the 
foannation of shaped particles; preferably the metal oxides 
used herein are in powdered form. 

25 The process of this invention also Includes the use of 

one or more solvents selected from conventional liquid 
solvents which are inert in the context of the process of 
th e Instant invention. These solvents Include, but are not 
limited to, water: alcohols, such as methanol, ethanol and 

30 propanol; ketones, such as acetone and methyl ethyl ketcme; 
and aldehydes, such as psxpanal and butanal. In a preferred 
embodiment, water is used as the solvent. 

The amount of solvent used in preparing the paste in 
the Instantly claimed process is an amount that provides a 

35 consistency which allows for a shape to be formed out of 

said paste, but not so fluid as to fail to hold the formed 
shape. Typically, the total amount of solvent in the paste 
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including that contributed }pY other components such as clay 
Is from about 20 up to about 60% by weight of the paste; 
preferably from about 35% up to about 55% by weight of the 
paste. 

5 The calcium silicate useful for the purposes of this 

invention may be from natxirally occarring or synthetic 
sources. The calcium silicate may be in one or more of its 
several f 03nm9 Including calcium metasillcate (CaiSiQs) , 
dlcalclum silicate (CaaSlQa) and tricalclum silicate 

10 (CasSi(^} . TbB calcium silicate may be formed ex situ or 
in situ. Ex situ formed calcium silicate is that which is 
formed separate from the presence of one or more o£ the 
components tised in the preparation of the shaped 
compositions of the instant invention. Jypically this 

15 involves use of a commercially available source of calcium 
silicate which is mixed with the other conqponents used in 
the preparation of the shaped compositions of instant 
invention. Calcium silicate formed in situ is that which 
is formed in the presence of oxie or more of the con^nemts 

20 used in the preparation of the shaped cooopositions of the 
invention. For the puarpose of this invention, in situ 
calcium silicate may be formed in the presence of the 
source of metal or the clay material although, preferably, 
the calcium silicate is formed in the presence of a mixture 

25 of the source of metal and the clay material. Typically, 
the in situ formed calcium silicate is formed by 
contacting, prior to the shaping of said coniposition, at 
least one source of caldiim with at least cme source of 
reactive silica. 

30 The source of caldm, as used herein, refers to non- 

halogen and non-stilf\ir calcium salt which are capable of 
reacting with a reactive silica sou2x:e to form calcium 
silicate, such as oxides, nitrates, carbonate, etc. 
Suitable sources of such calcium nitrate, calcium 

35 hydroxide, calcium carbonate, etc. 

The reactive source of silica, as used herein, refers 
to a silicon-containing material capable of reacting with 
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the calcium source, under ambient conditioxis of ten$>eratt2re 
and pressure, to fontr calcium silicate. Suitable sources 
of such silica include acid or base stabilized silica sols, 
sodium silicate, potassium silicate, etc* 

The molar ratio of calcium to silicon added to the 
paste is preferably about 1:1, although typically can range 
from 0.6:1.4 to 1.4 to 0.6. In addition, the paste 
typically has an atonic sratlo of said metal to calcium to 
silicon of 2.5 to 6.0:0.6 to 1.4:0.6 to 1.4. 

The psu9te of the Instant process may also contain 
rheology control agents and pore foaming agents. Bheology 
control agents include starches, sugars, glycols, polyols, 
powdered organic polymers, graphite, stearic acid and its 
esters. Pore forming agents include graphite, 
polypropylene or other organic polymer powders, activated 
carbon, charcoal, sugars, starches and cellulose flour. 
The rheology control agents and pore forming agents are 
well-known to those of ordinary skill in the art and are 
used au9 necessary to obtain the desired viscosity of the 
paste or porosity of the formed particle as the case may 
be. Typically, either one of these may be present in an 
amount of from about 0.5% up to about 20% by weight, 
preferably from about 1% ^xp to about 10% by weight of the 
paste . 

The metal oxide, solvent, calcium silicate (and/or 
source of calcium and reactive source of silica) azxd 
optional rheology ccmtrol agents, pore forming agents, 
promoter materials and clay are mixed or mulled thoroughly 
for a period of time sufficient to provide uniform mixing 
of the components. This time can vary from a few minutes to 
several hours. Preferably, the mixture is mixed or mulled 
for a total period of. from about 5 minutes to about 120 
minutes, more preferably from about 10 minutes up to about 
90 minutes. This is typically carried out at room 
temperature at or about atmospheric pressure. A formed 
psorticle is then prep8u:ed from the paste. Bsctrusion is the 
preferred forming technique and typically the formed shape 
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is a cylinder, although other, shapes such as tubular, 
polylobular, fluted, *and ridged are also useful. The 
formed particle is then dried to remove the bulk of the 
solvent from said particle. Typically, drying is done at a 
5 temperature of from about 80® up to about 300^C in air for 
a period of up to 24 hours, preferably from about 6 hours 
up to about 12 hours. TfbB pasrticle is then calcined in air 
or inert gas for a period of time ranging from about ozie 
hour up to about 12 hours, preferably two to eight hours at 

10 a tetES)erature of from about 400®C up to about lOOO^C, 

preferably about 600 ®C to about 850<^C. The result is a . 
hard, and low bulk density formed particle. In the context 
of this invention a particle typically has a hardness of 4- 
12 lbs/mm side crush strength, surface area is typically 

15 from about 5 up to about 150 n^/g/ preferably, 10 up to 100 
m?/g; and packed bulk density is typically less than 1.4 
gms./cc, preferably from about 0.6 up to about 1.4 gms./cc. 
and more preferably from about 0.6 up to about 1.1 gms./cc. 
When used herein, haardness is determizied by ASTM-04179-82; 

20 surface area is determined by B.E.T. Na adsorption method 
(ABTM-4222-83) ; and packed bulk density is determined by 
ASTM-D4164-82. 

Following calcination, but before use, the catalyst 
may be and is normally activated by reducing at least some 

25 of the metal oxide present in the catalyst. The reduction 
step may be carried out in situ immediately prior to use, 
or alternatively, reduction may be carried out in advance 
of use by contacting the catalyst with hydrogen or a 
mixture of hydrogen and nitrogen at elevated temperatures 

30 according to well-known procedures in which a portion or 
all of the metal oxide aire reduced. The reduced catalyst 
may then be stabilized or passivated, e.g., by exposing the 
catalyst to air or CO2 to form a thin oxide layer on the 
surface, or the reduced catalyst may be stoired in a 

35 protective medium such as an inert liquid until use. 

The catalysts of the present invention are useful for 
hydrogenating aldehydes, ketones, carboxylic acids and 



WO97/D0131 



-13- 

carboxyllc acid esters to alcphols and nitroaromatlc 
compounds to amino aromatic confounds. 

The shaped catalysts of this Invention may be utilized 
in fixed bed reactors. 

In one embodiment, caxboxylic acids and carboxylic 
esters can be converted to alcohols in excellent yields. A 
wide variety of acids, particularly esters of carboxylic 
acids can be treated with the catalyst of the present 
inventicm to produce alcohols. The esters may be 
monoesters or diesters. Among the acids which may be 
faydirogenated to the corresponding alcohols without 
isolating the ester include stearic acids and caproic 
acids. Esters derived from the alcohols of lower moleciilar 
weight carboxylic acids are hydrogenated more rapidly and 
at lower temperatxxres than the esters derived from the 
higher alcohols. Esamples of esters which may be 
hydrogezmted with the catalyst of the present invention 
include the methyl ester of cocozmt fatty acid, methyl 
stearate, methyl oleate, ethyl laurate, ethyl myristate, 
the diethyl ester of ethyl mauLonlc acid, diethyl succinate, 
di-n*-butyl glutarate, diethyl sebacate. As noted, the 
esters bxb converted to alcohols, smd exanples of such 
conversions include: ethyl latirate to lauryl aacohol; ethyl 
myristate to rayrlstyl alcohol; ethyl valerate to n-arayl 
alcohol; methyl caproate to n-hexyl alcohol, etc. 

Bxantples of aldehydes which may be hydrogenated to 
alcohols with the catalyst of the present invention 
include: butyr aldehyde, furfural, 2-ethylhexenal, 
dodecanal, tetradecanal, etc. Bxatoples of ketones include 
acetone, acetpphenone, etc. 

The hydrogenation reactions which are conducted in the 
presence of the catalyst of the present invention are 
carried out at temperatures of from about 100 «>C to about 
350 ®C and at pressures of from about 15 psl to about 4500 
psi. 

Examples of this invention are Included herein below. 
Of course, these examples are not intended as limiting this 
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invention as modification of the examples by ordinary 
expedient will be readily apparent to those of ordinary 
skill in the art. 

Unless othesrwise indicated in the following examples 
5 and elsewhere in the specification and claims^ all parts 
and percent agres are by weight, temperatures are in degrees 
Centigrade and pressiires aare at or near atmofirpheric. 

A one-gallon plow-type mixer is charged with 500 parts 
10 of technical grade (76 - 78% Cu) cvqpric oxide, 137 parts of 
Micro-Cel B (a synthetic calcitua silicate commercially 
available from Celite Corp., Lorapoc, CA) , and 85.3 parts 
Attagel 30 attapulgite clay (commercially available from 
Engelhard Corporation, Iselin, NJ) , and mixed for five 
15 minutes. Next, 445 parts of water is added to the mixer, 
while mixing, over a 19 minute period. The mixer is 
discharged and the resulting mass is extruded through a die 
plate with 0.140 inch diameter round holes and dried 
overnight at 125 ®C« The resulting extrudates are calcined 
20 in air at 560^C for about two hours. 

Bxamnle 2 

A one-gallon plow-type mixer is charged with 500 parts 
of technical grade cupric oxide, 219 parts of Micro-Cel E 
calcium silicate, and 78.2 parts Attagel 30 clay and mixed 

25 for five minutes. Next, 550 parts of water is added to the 
mixer, while mixing, over a 37 minute period. The mixer is 
discharged and the resulting mass is extruded through a die 
plate with 0«140 inch diameter round holes and dried 
overnight at 110 ^C. The resulting extrudates are ccuLcined 

30 in air at 665*C for about one hour. 

Example 3 

A one -gallon plow- type mixer is charged with 1300 
psurts of technical grade cupric oxide, 88 parts of reagent 
grade calcitxm hydroxide, 50 parts of Zusoplast PSl (a 
35 polysaccharide extrusion aid commercially available from 
Miles, Inc., Pittsburgh, PA), and 133 parts of Attagel 30 
clay, and mixed for ten minutes. Next, 230 parts of Nalco 
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2327 colloidal silica (corrnnercially availsdble from Nalco 
Chetaical Oo., Napervirlle, XL), diluted with 100 parts of 
deionized water, is added while mixing, and the mixing is 
continued for another ten minutes. Next, a solution made 
5 up of 100 parts of deionized water and 193.6 parts of 

reagent grade 50% sodium hydroxide solution is added to the 
mixer while rtmning* The mixing is continued for 35 
minutes, during which time, a total of 70 parts of 
additional deionized water is added. The mixer is 

10 disc±argied and the aresulting mass is extruded through a die 
plate with 0.140 inch diameter round holes. The extrusions 
axe next fed through the extruder again and dried overnight 
at 125«C. The resulting extrudates are calcined in stir at 
525 for about Uuree hours. 

15 Bymp?ie 4 

A one-gallon plow-type mixer is charged with 900 parts 
of technical grade cupric oxide, 122 parts Attagel 30 clay, 
170 parts of reagent grade calcium hydroxide, and 5 parts 
of Zulsoplast PSl and mixed for ten minutes. Next, 22 parts 

20 of reagent grade 50% sodium hydroxide solution is added to 
720 parts of P.Q. N-grade sodium silicate solution 
(commercially available from P. Q. Cozp., C!hester, PA) and 
diluted with 370 parts of deionized water. This solution 
is added to the powders, while mixing, and the mixing is 

25 continued for another twenty minutes. The mixer is. 

discharged a n d the resulting mass is extruded through a die 
plate with 0.140 inch diameter round holes. The extrusions 
are dried ovexnight at 125^0 and calcined in air at 450^0 
for about one hour. 

30 Baeample 5 

' A one-*gallon plow- type mixer is charged with 1000 
parts of technical grade cijs>ric oxide, 356.2 parts of 
reagent grade calcium hydroxide, 48 parts of Zusoplast PSl, 
and 79.8 parts Attagel 30 clay and mixed for five minutes. 

35 Next, 849.6 parts of Nalco 1034A colloidal silica is added 
while mixing, and the mixing is continued for another 27 
minutes. Next, a total of 225 parts of water is added 
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while mixing, over a 34 minute period. TbB miacBr is 
discbarged and some of the resulting mass Is extruded 
through a die plate with 0.140 Inch diameter TOimd holes 
and dried overnight at 125^0. The sresultlng extrudates aire 
5 calcined in air at 600^C for about two hours. 

A one-gallon plow- type mixer is charged with 1000 
parts of technical grade cuprlc oxide, 356 « 2 parts of 
reagent grade calcium hydroxide, 48 parts of Zusqplast PSl, 

10 and 79.8 paxrts Attagel 30 clay and mixed for five minutes* 
Next, 849.6 parts of Nalco 1034A colloidal silica is added 
while mixing, and the mixing is ccmtinued for another 27 
minutes. A total of 225 parts of water is added while 
mixing, over a 34 minute period. The mixer is discharged 

15 and some of the resulting mass is extruded through a die 
plate with 0.140 inch diameter round holes and dried 
overnight at 125*^C- Hie resulting extrudates are calcined 
in air at 600**C for about two hours. 

20 A 40 gallon plow- type mixer is charged with 45 parts 

of technical grade cuprlc oxide, 13.5 parts of reagent 
grade calcium hydroxide, 3.5 parts of Zxusoplast PSl, and 
7.5 parts of Attagel 30 clay and mixed for a minute. Next, 
32.2 parts of Nalco 1034A colloidal silica diluted with 

25 18.5 parts water is added while mixing, and the mixing is 

continued for another 36 minutes. Another 8 parte of water 
is added dxurdLng the course of the mixing. Next, the mixer 
is discharged and the resulting mass is extruded through a 
die plate with 0.140 inch diameter round holes axaid dried 

30 overnight at 175»P. A portion of the resulting extrudates 
are calcined in air at 660 for about two hours. 

Example 8 

A 40 gallon plow^type mixer is charged with 40 parts 
of technical grade cuprlc oxide, 12 parts of reagent grade 
35 calcium hydroxide, 3.1 parts of Zusoplast PSl, and 6.7 

parts of Attagel 30 clay and mixed for 3 minutes. Next, 24 
parts of Nalco 2327 colloidal silica diluted with 16 parts 
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water Is added while mixing, .and the mixing is continued 
for another 3 minuted'. Next, 2.6 parts of 70% reagent 
grade nitric acid/ diluted with 9 parts water is added 
while mixing. The mixing is continued for another 10 
5 minutes. Next, the mixer is discharged and the resulting 
mass is extruded through a die with 5-f luted holes of 3 . 5 
millimeter diameter and dried overnight at 175 ^F. T!bB 
resulting extrudates are calcined in air at 680^0 for about 
two hours. 

10 Byample 9 

A one-gallon plow'-type mixer is charged with 800 parts * 
of technical grade cupric oxide, 187 parts of reagent grade 
calcium hydroxide, 6 parts of Zusoplast PSl, and 160 parts 
Attagel 30 clay and mixed for twenty minutes. A solution, 

15 made up of 446 parts of Nalco 1034A colloidal silica plus 
892 parts, of a technical grade manganese nitrate solution 
(15.5% m) , is added while mixing, and the mixing is 
ccmtinued for another twenty minutes. The mixer is 
discharged and the iresulting mass is extruded through a die 

20 plate with 0.140 inch diameter round holes and dried 

overnight at 125^0. Ihe resulting extrudates are calcined 
in air at 500^0 for about two hours. 

qamV^^Xy^ BSPftffiple A 
A one-gallon plow- type mixer is charged with 800 parts 

25 of technical grade ciqpric oxide, and 602 parts Attagel 30 
clay and mixed for five minutes. .Next, 690 parts of water 
is added to the mixer, while mixing, over a 36 minute 
period. HhB mixer is discharged and the resulting mass is 
extruded through a die plate with 0.140 inch diameter round 

30 holes and dried overnight at 110«C. The resulting 

extrudates are calcined in air at 560^0 for about four 
hoxxr s , 

goni[pRr^t;ive Bx^TPp^e p 
A one-gallon plow- type mixer is charged with 800 parts 
35 of technical grade cupric oxide, and 327 parts Attagel 30 
clay and mixed for five minutes. Next, 535 parts of water 
is added to the mixer, while mixing, over a 9 minute 
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period. The mixer is discharged azid the resulting mass is 
extruded through a die plate with 0.140 inch diameter round 
holes and dried overnight at llO^C. l!he resulting 
extrudates are calcined in air at 560«C for about two 
5 hours, 

. Comparative Example C 
A one-gallon plow-type mixer is charged with 500 parts 
of technical grade cupric oxide, and 337 parts of Hicro-Cel 
E calcium silicate and mixed for five minutes. Next, 715 

10 paurts of water plus 33.5 parts of reagent gxade 70% ziitric 
acid is added to the mixer, while mixing, over a 41 minute 
period. Next 40 pasrts of Zusoplast PSl is added and mixed 
for two minutes. The mixer is discharged and the resulting 
mass is extruded through a die plate with 0.140 inch 

15 diameter round holes and dried overnight at 125 <>C. The 

resulting extrudates are calcined in air at 585^0 for about 
two hours^ 

The faydrogenation tests, for which results axe given 
dLn Tables 1-4, %rere carried out in test stands that consist 

20 of a catalyst activation system, an feed reservoir and 
pxuop, the reactor section, and a gas/licpiid separator 
section for recovex^ of the product. The reactors are 
stainless steel tubes with three heating zones surrounding 
the catalyst bed and preheating section. Concurrent, 

25 downf low configuration was used for both gas and liquid 
reactants. Hydrogen and nitrogen gas for catalyst 
activation and reactant hydrogenation, az*e meteared through 
mass flow control devices. Bach catalyst is activated by 
controlled hydrogen reduction of the active copper oxide 

30 conqpcment before starting the reaction. A multiftmctional 
strip chart recorder is used to collect temperature, 
pressure, and flow data at preselected time intervals 
throughout the run. 

The vapor phase ethyl --propyl-acrolein (EPA) 

35 hydrogenation test reported in Table 1 employs a catalyst 
'volume of 150 milliliters. A mdLniraum time of 23 hours was 
used to equilibrate the reaction rates and achieve 
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steady-state cKmdltlozis before faydrogenated 2-ethyl-hexaTial 
(2 -EH) product was sasgpled for gas chromatographic 
analysis. Feedstock and products were analyzed for C8 
aldehydes, C8 alcohols , uzuilfferentlated light-end and 
5 heavy-end hydrocarlxm byproducts* The 2-ethyl-2-hexenal 
feedstock was obtained from a domestic, commercial source 
and stored under an inert atmosphere (sltrogen) while in 
use. Test conditions were chosen to (a) ensure vapor phase 
conditions prevailed throughout thet reaction zone, and (b) 

10 to enable conversion and selectivity differentiation 

between catalysts. The following reaction conditions were 
applied: inlet temperature « 95*»C; Inlet pressure « 14*7 
pslg (absolute); LHSV (aldehyde) = 0.30 hrs.-l; Oasv 
(hydrogen) « 2241 hrs-1; and hydrogen/aldehyde (molar) « 

15 50. 

Table 1 compares Examples 1,2, and 7 with Comparative 
Examples h, B and C« The Table shows that the catalysts of 
the invention have much better activity and selectivity for 
the conversion of ethyl-propyl acrolein (EPA) to 

20 2-ettayi-hexanol (2-EH) than catalysts with similar contents 
of the active metal (copper). Example 7, the preferred 
embodiment, has better activity and selectivity than 
examples 1 ar^^ 2. The catalyst of exanple 7 also has the 
highest crush strength, as well. The compositions of the 

25 control exaxnples were chosen so as to demonstrate the 

effects of varying levels of clay or coimaercial synthetic 
calcium silicate on the performance of the extrusions. The 
Table shows that iising <mly clay or commercial synthetic, 
calcium silicate as binders does not Impart the performance 

30 seen with the use of the both together. This is an 

unexpected synergistic effect that Is seen to an even 
greater degree In the catalyst of the preferred embodiment, 
which uses the calciiam silicate foinaaed In-sltu. 

The vapor phase furfural to f xirfuryl alcohol 

35 hydrogenation test reported in Table 2 employs a catalyst 

volume of 100 milliliters. The feedstock and products were 
analyzed for furfural, furfuryl alcohol, furan, and 
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tmdifferentiated light -end and heavy-end. hydrocarbon 
]3yproducts . The furfural feedstock was obtained £rom a 
domestic, cotmnerclal source and distilled to remove as much 
residual sulf ux- containing itrqpurity as possible. It was 
5 stored under an inert atmosphere (nitrogen) while in use. 
Test conditions were chosen to (a) ensure vapor phase 
conditions prevailed throiighout the reaction zone, and (b) 
to enable conversion and selectivity differentiation 
between catalysts, and (c) reflect current commercial 
10 usage. 
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Table 2 gives data coit5)aring a commercial non- chromium 
cqpper catalyst (Engelhard Cu-0320T: 61% Cu, 20% Na2Si03) 
with Sxan^les 3 and 4 of the present invention. The data 
show that the catalysts o£ the inventicxa have activities 
and selectivities coniE>8Lrable to the coimnercial catalyst, 
but are l>oth stronger and less dense. The lower density is 
very desirable in commercial ppearation due to the lowered 
cost of filling a given x^actor volume (since these types 
of catalysts are always sold by weight) . The increased 
crush strength means there is less likelihood of attrition 
during shipping and less chance of a catalyst bed 
collapsing during use. 

The vapor phase nitrobenzene to aniline hydrogenation 
test reported in Table 3 employs a small catalyst volume of 
25 milliliters due to the highly exothermic nature of this 
reaction. The feedstock and products were analyzed for 
nitrobenzene and aniline. The feedstock was obtained fzxsm 
a domestic, commercial source and the test couiitiaas were 
chosen to reflect current commercial tisage. 
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TABLE 2 



FIXED BED HYDROGENATION OF FURFURAL 
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1-3 


84.2 
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Table 3 compares Example 6 with a copper chromlte 
catalyst used commercially (Engelhard Cu-1152Ts 29% C3u, 26% 
Cr, 7% Ba^ 15% CaSi03) for the hydrogenation of 
nitrobenzene to aniline. The nitrobenzene hydrogenation 
5 data show that the catalyst of the invention gives better 
activity than the commercial catalyst and does so with 
higher strength and much lower bulk density (offering the 
same advantages mentioned above) . 

The liquid phase C12 metfaylester hydrogenation test 

10 reported in Table 4 engploys a catalyst volume of 200 
milliliters.. A minimutn time of 24 hours was used to 
equilibrate the reaction rates and achieve steady- state 
conditions before hydrogenated C12 alcohol product was 
sampled for gas chromatographic analysis. Feedstock and 

15 products were analyzed for C8-C14 esters, C8-C14 alcohols, 
undifferentiated light-end and heavy-end hydrocarbon by- 
products. 

The C12 feedstock was obtained from a domestic, 
commercial source and stored under an inert atmosphere 
20 (nitrogen) while in use. Test conditions were chosen to 

reflect current commercial usage* The bed temperature was 
varied from 180 to 200**C; two inlet pressures were used: 
4350 psig and 3510 psig; two LHSVs were xised: 0.50 and 1.0 
hrs-1; and hydrogen/ester (molar) » 44-100. 
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TAB LE 3 

FIXED BED HYDROGENATION OF NITTOBENZENE TO ANILINE 



(^ttBlyst Vohmid « 25 06 
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Table 4 comparesu Examples 6 and 8 with a conrmeroially 
available reference catalyst (Engelhard Cu- 1987 Tl/8: 36% 
Cu^ 33% Cr^ 3% Mix) • T!he activity of the catalysts axe 
reported in aaponificaticw value (sap* value) which 
5 indicates the degree of aremaining ester feedstock (or other 
saponifiable intenriddiates) and ip reported in units of 
milligarams of potassium hydroxide (KGH) per grams of 
product. The sap. value of the feedstock is 265. The 
table, shows that the catalysts of the ixivention have better 

10 activity and selectivity for the conversion of C12 
methylester to C12 alcohol than a state-of-the-art 
commercial copper chromite catalyst. At the higher 
pressure (4350 psig) , Example 6 gives saponification values 
that are about the same or slightly lower than the 

15 reference catalyst. However / the bulk density of the 
catalyst of the invention is about half that of the 
commeroial copper chromite. At the lower pressure (3510 
psig) , Example .6 produces product with saponification 
values that are approximately half that of the reference 

20 for a given temperattrre and liquid hourly space velocity 

(LHSV) . The hydrocarbon byproduct make is very low for all 
of the runs. Example 8 is nominally the same diameter and 
length as the reference catalyst and Example 6, but has a 
5-f luted cross-sectional shape. This extrxision shape 

25 serves to lower the bulk density of the extrusions even 
fu2rther and also of f ers more external siirface area for 
enhanced feed/product diffusion. This catalyst gives 
saponification values that are about an order of magnitude 
lower than the reference catalyst for a given set of 

30 temperatures and LRSVs. In addition, it is possible to 

lower the operating pressure to 2500 psig and still obtain 
a low saponification value. Obviously, one could reduce 
the space velocity and dlncrease the tenq?erat\ire to enable 
operation at even lower pressures with this catalyst/ 

35 TUxMS, the preferred embodiment of the present invention, 

extruded in various shapes, offers the following advantages 
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relatlvB to crurrent commercial catalysts: much lower 
cost-to-fillr greatea:^ activity, lowered operating presstire, 
and very good selectivity. 
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TABLE4 



FIXED BED HYDROQENOLY8IS OF 0^12 METHYL ESTER. 
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.UBSHTUTE SHEET (RULE 2^ . 
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Claims 

1. A shaped cat^yst coniposltlon contprislng (1) at; 
least one metal selected from the group consisting of 
copper, nickel, manganese, zinc, cobalt and iron; (ii) 
calcium silicate; and (iii) at least one clay material. 

2. A composition accosrding to claim 1, wherein sstid . 
composition is free of chromium, barium and added alumina > 

3« A composition according to claim 1 wherein said 
conqposition contains up to about 30% by weight of said 
clay. 

4. A cotoposition according to claim 1 wheirein the 
total metal content of copper, nickel, manganese, zinc, 
cobalt and iron in said composition is at least about 30% 
by weight . 

5 . A composition according to claim 1 wherein said 
composition contains up to about 20% by weight calcium. 

6. A composition according to claim 1 wherein said 
metal is copper. 

7. A composition according to claim 1 wherein said 
metal is present in an amount from about 30 up to about 75% 
by weight of said composition. 

8. A composition according to claim 1 wherein said 
clay material is selected from the group consisting of 
attapulgites, sepiolites, serpentines, kaolinites, calcium 
montmorillonltes and mixtures thezBof . 

9. A composition accoarding to claim 1 wherein said 
calcium silicate is formed in situ. 

10. A composition according to claim 1 wherein said 
composition contains from about 1 up to about 15% by weight 
calcium. 

11. A composition according to claim 1 wherein said 
compositions has a silicon content of from about 1 up to 
about 30% by weight. 

12. A composition according to claim 1 wherein the 
surface area of said composition is from about 10 up to 
about 100 Tr?/g. 
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13. A composition according to claim 1 wherein the 
packed bulk density of said composition is from about 0.6 
up to about 1.4 cc/g. 

14. A composition according to claim 1 wherein said 
5 shape is formed by extrusion and the formed shape Is 

circular, tubular, polylbbular or fluted. 

15. An eactruded catalyst con^sltlon cMrprlslng (1) 
at least one metal oxide of copper, manganese or mixtures 
theareof ; (11) calcium silicate formed in situ by 

10 contacting, prior to the extirusion, calcium hydrradde and a 
stabilized silica sol; and (ill) at least one clay 
material; wherein said composition has a total copper 
content of from about 35 up to about 65% by weight; a 
calciimi content of from about 2.5 up to about 18% by 

15 weight, a silicon content of frc^n about 10 up to about 20% 
by weight, a surface area of fzcm about 10 up to about 100 
m?/g., and a packed bulk density of from about 0.6 up to 
about 1.1 cc/g. 

16. A process for preparing a shaped . catalyst which 
20 comprises: 

(A) preparing a paste con5>rising (i) at least one 
metal oxide wherein said metal is selected from the group 
consisting of copper, manganese, zinc, nickel, cobsuLt and 
iron; (11) at least one solvent; (iii) calcium silicate; 

25 and (iv) at least one clay material; 

(B) forming a shaped particle from said paste; axid 

(C) drying and calcining said shaped particle. 

17. A process according to claim 16 wherein said 
metal is cpE^er. 

30 18. A process according to claim 17 wherein said 

paste is free of chromitmi and added alumina. 

19. A process according to claim 17 wherein said 
paste contains up to about 30% by weight of at least one 
clay material. 

35 ;20« A composition according to claim 1 wherein said 

calcium silicate is formed by the in situ reaction of a 
source of calcium and a reactive source of silica. 
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21. A process according to claim 20 wherein said 

source of calcium is a calcium salt. 
• 22. A process accorddLng to claim 21 lAerein said 

calcium salt is selected from the group consisting of 
9 5 calcium oxide, calcium nitrate, calcium oxalate, calcium 

acetate, . calcium hydroxide, calcium carboziate and- mixtures 

thereof. 

23. A process accordizig to claim 26 wherein said 
reactive source of silica is stabilized silica sol, alkali 

10 metal silica or mixtures thereof. 

24. A process according to claim 16 wherein said 
paste has an atomic ratio of said metal to calcium to 
silicon is 2.5 to 6.0: 0.6 to 1.4: 0.6 to 1.4. 

25. A composition prepared by the process of claim 

IS 16.' 

26. A process for hydrogenating aldehydes, ketones, 
carboxylic acids, csLcboxylic acid esters suid nitroaromatic 
compounds which comprises contacting one or more of said 
materials with the catalyst composition of claim 1 under 

20 catalytic hydrogenation conditions. 

27. A process for hydrogenating aldehydes, ketones, 
carboxylic acids, carboxylic acid esters and nitroaromatic 
compouzids which comprises contacting one or more of said 
materials with the catalyst composition of claim 16 under 

25 hydrogenation conditions. 

28. A process for hydrogenating aldehydes, ketones, 
carboxylic acids, carboxylic acid esters, and nitroaromatic 
compounds which comprises contacting said materials with 
the catalyst composition of claim 6 xmder catalytic 

30 hydrogenation conditions. 
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